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The low ionization energy regions of the photoelectron (He I) spectra of several p-p'-substituted thiobenzophenones (X-CeH^CS and of the corresponding S-oxides (sulphines) (X-C6H4)2CSO (where X=H, OCH3, CH3, I, Br, Cl and N02) have been assigned on the basis of perturbational molecular orbital theory arguments coupled with CNDO/2 computations and substituent effects.
For the thioketones, the ordering of the outermost MO's results to be n(S), 717, 7i §, 715/714, 713, n(S) being the HOMO; while for the sulphines the two outermost MO's have 71 character and correspond to 717 and in the thioketones In the light of the above results the different behaviour toward oxidation of these two classes of compounds can be rationalized.
Sulphines have already been the object of various investigations in this Laboratory. Previously studies have dealt mainly with stereochemistry [1] , reduction and oxidation reactions of thiobenzophenones and sulphines [2] , cycloaddition reactions [3] involving this pair of substrates, and theoretical investigations [4] on the geometry and charge distribution on H2CS and H2CSO.
In order to obtain further information on the electronic distribution of such compounds we have also carried out an UV photoelectron spectroscopy (UPS) study of some p-p'-thiobenzophenones (X -CßH^CS and of the corresponding sulphines (X-C6H4)2CSO, with X=H, 0CH3, CH3, I, Br, Cl and N02. Such information could, in fact, be quite useful for a better understanding of their chemical properties.
Experimental
The spectra Avere obtained with a Perkin Elmer PS 18 photoelectron spectrometer. Given that the substrates dealt with in this paper are rather complex molecules yielding complicated PE-spectra with several overlapping bands (see Figs.), the I.E. values are considered to have an uncertainty of the order of 0.1 eV except where they relate to wellresolved bands, in wich case the estimated error is ±0.05 eV.
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The compounds were obtained according to known procedures [5] .
Results and Discussion
The IE values lower than about 11.5eV of the p-p'-thiobenzophenones and of the corresponding sulphines investigated here are listed in Tables 1  and 2 and the low IE region of the photoelectron spectra are shown in Figs. 1 and 2 respectively.
The values quoted in the Tables refer to the maxima of the various bands which are assumed to correspond to the vertical IE values.
In the case of thiobenzophenone the assignment has been based on a qualitative Perturbational Molecular Orbital (PMO) analysis with the interacting fragments taken to be the two benzene rings and the C=S group. An estimate of the IE values of the n MOs of the two benzene rings in a similar situation can be taken from the spectrum of diphenylmethane [6] which show r s a peak at 9.12 eV and two shoulders at 8.67 and 9.3 eV. The maximum has been assigned to ionization from the antisymmetric [7] 71 ring orbitals and the shoulders to the in phase and out-of-phase combinations of the symmetric 71 orbitals. The IE values of the relevant MOs of the C=S fragment can be taken from the spectrum of thioformaldehyde [8] where it has been found that the first two IE values at 9.33 and 11.90eV correspond to the sulphur lone pair and the bonding 71 MO of the thiocarbonyl group respectively. The inductive effect of the phenyl groups certainly will lower both these values as has been observed in many thione derivatives [8, 9] where, in several cases, the HOMO (highest occupied mol- ecular orbital) has been assigned [9] to a TI-MO mainly localized on the sulphur atom.
In addition we have also carried out CNDO/2 computations on thioformaldehyde and on thiobenzophenone. Thioformaldehyde has been taken at the experimentally found geometry, while thiobenzophenone (whose geometry has not been determined experimentally) has been investigated in a non planar geometry with a dihedral angle between the tw o phenyl rings of ~ 56° (the latter is the value of the dihedral angle experimentally found [10] in benzophenone), a C-S bond length at the same value as in thioformaldehyde and the remaining geometrical parameters at standard values. The relevant computational results are listed in Table 3 .
The CNDO/2 computations have been used mainly to assess the nature of the first band. The computational results suggest that the first band should be assigned to ionization from the sulphur lone pair (denoted here by w(S)). The remaining bands have been assigned mainly on the basis of PMO arguments. Consequently the bands peaking at 8.77, 9.4 and 10.62 eV are assigned to the three combinations (out-of-phase, non-bonding and in-phase) of the 7T-MO of the C=S fragment with the two combinations of the symmetric 71 ring orbitals, denoted here by m, 7i<o and 713. The band at 9.2i eV is assigned to ionization from the degenerate antisymmetric TT-MO'S of the phenyl groups because of its intensity and by analogy with 1-1-diphenylmethane and will be denoted by 715/714.
Comparison between computed and experimental ionization energies for thioformaldehyde shows that at the CNDO/2 level the ionization energy of the 7z (C-S)MO is overestimated compared with that of the w(S)MO. This feature of the CNDO/2 calculations provides indirect evidence for the proposed assignment of the first two bands. We should expect this ionization energy in fact to be overestimated also in thiobenzophenone. However, despite this fact, the HOMO is found to be w(S).
To obtain further support for the assignment, various p-p'-disubstituted thiobenzophenones have been investigated. It has been found that the first two I.E. values change in a parallel way with the substituents (see Table 1 ): their separation being 0.7 ±0.1 eV in all cases. The constancy of this separation gives no information on the nature of the corresponding MO's. On the other hand, the behaviour of JIQ as a function of the substituent is much more pronounced than that of the first two bands. It can be observed that the introduction of two p-I or P-OCH3 groups, which have n orbitals (9.46 [11] and 10.25 [12] eV respectively) of energy intermediate between those of ne and 713 in thiobenzophenone, causes such a large destabilization of 71q that the corresponding band overlaps the second one. This effect indicates that the latter band corresponds to an MO that experiences a much smaller substituent effect with respect to JXQ. The CNDO/2 results provide an explanation of the more pronounced substituent effect on 716. The latter MO corresponds to the out-of-phase combination of the tw r o symmetric MO's of the phenyl rings. By symmetry this MO does not mix with the 7r(C-S) MO and consequently the values of the coefficients in the para positions of the tw r o phenyl rings are larger than in the ^MO, and therefore also its sensitivity to the substituent effect will be larger.
The general trends of m, n §, n$, n± and w(S), as a function of substituents, are those expected from the known properties of the substituent groups [11, 13, 14] confirming the assignment proposed.
In the case of the related diaryl sulphines, a complete assignment of the low IE region of the spectra is hampered by extensive overlap of bands (see Fig. 2 ) and only two bands (one for the H and P-CH3 derivatives) are resolved below about 9.3 eV.
On going from H2CS to H2CSO, n(S) is greatly stabilized (w(S) is at 9.3 eV in H2CS [8] while the corresponding w(S, 0) in H2CS0 is at 10.7 eV [15] ) and in H2CSO the HOMO (at ca. 10.35 eV [15] ) has 71 character. It follows that ionization from the n (S, 0)M0 of diarylsulphines will occur at an energy not lower than ca. 9.5 eV and that the first band in the spectrum of the unsubstituted sulphine is to be ascribed to ionization from a 71 MO, while in the substituted sulphines both the first two bands (I\ and /2) are to be assigned to ionization from 71 MOs. This assignment is supported by the following considerations.
i) The trends, of 11 and /2 as a function of substituents, closely parallel those of 717 and TIQ respectively of the corresponding thioketones (in fact good linear relationships exist between 717 and I\ and between 716 and /2, the slope being in both cases close to 1).
ii) In the sulphines, the outermost n MO is destabilized (by ca. 0.5ö eV) with respect to 717 in thioketones in agreement with the destabilization of the first 71 MO on going from H2CS to H2CSO [8, 15] .
Therefore, from a chemical point of view, the most interesting result is that the HOMO in the thiobenzophenones is mainly sulphur lone pair while in the corresponding sulphines is a MO of 71 symmetry. The outer MO's are of basic importance in determining the reactivity of the molecules for it is usually the most loosely bound electrons which partake readily in chemical reactions [16] . The assignment proposed for the present molecules is in agreement with the major features of the chemical reactivity of substrates containing the CS and CSO groups. In particular the different behaviour of thioketones and sulphines in the oxidation reaction with perbenzoic acid might be rationalized in terms of the different nature of the HOMO in the two cases. In fact if has been suggested [2] that the oxidation reactions of thiocarbonyls leads to sulphines involving the sulphur lone pair, in agreement with the HOMO beings mainly sulphur lone pair, while the oxidation reaction of sulphines leads to ketones and sulphur monoxide, via a cyclic sulphinic ester, in agreement w ith a HOMO of 71 symmetry delocalized on the CSO group. Furthermore the reactivity orders, as a function of substituent [2] , in the oxidation reactions of thiobenzophenones to sulphines and of sulphines to ketones parallel the trends shown by the HOMO's i.e. they increase with the tendency of the substrate to donate its electrons as measured by the IE values (see Tables 1  and 2 ).
